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Abstract 
The chemical characteristics of the woods from several eucalypt hybrids from the Brazilian 
Genolyptus program were studied. The analyses of the lipophilic extractives indicated a similar composition 
in all eucalypt hybrids, which were dominated by sitosterol, sitosterol esters and sitosteryl 3β-D-
glucopyranoside that are responsible for pitch deposition during kraft pulping. The analysis indicated that the 
wood from U1xU2 presents the lowest amounts of these pitch-forming compounds. The composition and 
structure of the lignins were analyzed by 2D-NMR that indicated a predominance of syringyl (S) over 
guaiacyl (G) units and only traces of p-hydroxyphenyl (H) units in all woods, with the highest S/G ratio for 
G1xUGL. All the lignins showed a predominance of β-O-4' ether linkages (75-79% of total side-chains), 
followed by resinols (9-11%) and lower amounts of phenylcoumarans and spirodienones. The lignin from the 
hybrid G1xUGL also presented the highest proportion of β-O-4' linkages, and therefore, it is foreseen that 
the wood from this hybrid will be more easily delignifiable than the other selected Brazilian eucalypt hybrids. 
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Introduction 
Eucalypt is a fast growing tree whose wood is the main raw material for paper pulp production in 
Southwest Europe, Brazil, South Africa, and other countries. Eucalypt is the largest single global source of 
market pulp and its use for pulp production has greatly increased during last decades, the world production 
attaining nearly 20 million tons per year, which is about 60% of the total hardwood pulp produced. Different 
eucalypt species are used for pulp and papermaking, including Eucalyptus globulus, E. nitens, E. maidenii, 
E. dunni, E. grandis and E. urophylla. Biomass production costs are low in Brazil compared to other parts of 
the world, due to proper climate, large available areas for cultivation, advanced forest and agricultural 
technologies and excellent adaptation of certain crops in the tropical climate. Thus, Brazil presents great 
potential for the growing of eucalypt plantations that are highly productive, and reaching up to 60 m3/ha/year 
in some cases. 
The interest in the use of eucalypt wood for paper pulp production has promoted the research of the 
chemical characteristics of different species [1-7]. However, only limited studies have been published 
regarding the chemical characteristics of eucalypts grown in tropical areas, such as E. urograndis, a hybrid 
derived from the crossing between E. grandis and E. urophylla that is one of the main eucalypt woods used 
for pulping in Brazil [8]. In this paper, we summarize the chemical characteristics of the woods from different 
eucalypt hybrids grown in Brazil coming from the Brazilian Network of Eucalyptus Genome Research, the 
so-called Genolyptus program [9], an initiative which involved integrated advances in genomic resources, 
molecular breeding and wood phenotyping technologies. The hybrids selected for this study were E. grandis 
x E. urophylla (IP), E. urophylla x E. urophylla (U1xU2), E. grandis x [E. urophylla x E. globulus] (G1xUGL), 
and [E. dunnii x E. grandis] x E. urophylla (DGxU2). A special emphasis was put in the lipid and lignin 
composition since these ractions play an important role during pulping and papermaking. The content and 
compositon of wood components, in particular the lignin content and its composition in terms of its p-
hydroxyphenyl (H), guaiacyl (G) and syringyl (S) moieties and the different inter-unit linkages are important 
parameters in pulp production in view of delignification rates, chemical consumption and pulp yields. Higher 
S/G ratios imply higher delignification rates, less alkali consumption and therefore higher pulp yield [3]. On 
the other hand, the lipophilic compounds also play an important role during pulp and paper production since 
they are at the origin of the so-called pitch deposits. During manufacturing of kraft pulps, a large part of the 
lipids from the wood is removed during cooking. However, some substances survive this process and can be 
found as pulp extractives originating pitch deposits with serious consequences, including reduced product 
quality and higher operating costs due to production stops for cleaning the equipment [10-13]. 
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Results and Discussion 
Chemical characteristics of the woods from the different Brazilian eucalypt hybrids 
The content of acetone extractives, water soluble material, Klason lignin and acid soluble lignin in the 
Brazilian woods from the different eucalypt hybrids is listed in Table 1. The Klason lignin content was similar 
for all of them, in the range from 24.1 to 24.5%. The acetone extractives content of the woods from the 
different eucalypt hybrids ranges from 0.6 to 2.2 % of dry material. However, the content of lipophilic 
extractives, estimated as the fraction of the acetone extracts that can be redissolved in chloroform, is much 
lower and very similar for all the woods, ranging from 0.2 to 0.3% of the total dry material. This low lipophilic 
content is similar to that found in woods from different eucalypt species [4]. 
 
 
Table 1. Content (%) of different components of the woods of the different eucalypt hybrids 
(as dry, ash-free basis) 
 
Component IP U1×U2 G1×UGL DG×U2 
Acetone extractives (lipophilics) 0.6 (0.2) 2.1 (0.2) 2.2 (0.3) 0.9 (0.2) 
Water soluble material 1.4 1.7 1.8 1.5 
Klason lignin 24.2 24.3 24.1 24.5 
Acid-soluble lignin 3.0 3.4 3.4 3.1 
 
 
 
Lipid composition of the woods from the different Brazilian eucalypt hybrids  
Although the lipid content is low and similar in all the selected hybrid eucalypt woods, it is not only the 
content but the composition that strongly affects the pitch deposition during pulping and papermaking). 
Therefore, the detailed chemical composition of the lipophilic extractives in the different woods was 
investigated. The GC/MS chromatogram of the lipid extracts (as trimethylsilyl ether derivatives) from a 
selected eucalypt hybrid (IP) is shown in Figure 1. The identities and abundances of the main lipophilic 
compounds identified in the selected Brazilian eucalypt hybrids are detailed in Table 2, and their structures 
are depicted in Figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Chromatogram of the lipophilic extractives from a selected eucalypt hybrid (IP) wood. 
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The most predominant lipophilic compounds present in all the eucalypt woods selected for this study 
were steroids, including sterols, sterol glycosides and sterols esters with lower amounts of steroid ketones 
and steroid hydrocarbons. Other important lipophilic compounds found were series of fatty acids, glycerides 
(including mono-, di- and triglycerides) and minor amounts of squalene, tocopherols (in free and esterified 
form) and a series of alkyl ferulates. This composition is similar to that reported in the woods of other 
eucalypt species [1,4]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Structures of the main compounds identified in the hybrid eucalypt woods and referred in the text. 
(I) sitosterol, (II) stigmastanol, (III) campesterol, (IV) stigmasterol, (V) fucosterol, (VI) cycloartenol, (VII) 24-
methylenecycloartanol, (VIII) 7-oxositosterol, (IX) sitosteryl 3β-D-glucopyranoside, (X) sitosteryl linoleate, 
(XI) stigmastan-3-one, (XII) stigmasta-3,5-dien-7-one, (XIII) stigmast-4-en-3-one, (XIV) stigmasta-3,6-dione, 
(XV) palmitic acid, (XVI) oleic acid, (XVII) linoleic acid, (XVIII) docosanoic acid, 2,3-dihydroxypropyl ester, 
(XIX) tripalmitin, (XX) trans-docosanyl ferulate, (XXI) squalene, (XXII) α-tocopherol, (XXIII) β-tocopherol. 
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Table 2. Composition of lipophilic extractives (mg/kg wood) in the different eucalypt hybrid woods 
 
Compound IP U1×U2 G1×UGL DG×U2 
     
Fatty Acids 289.7 139.8 310.2 208.0 
  n-pentadecanoic acid 2.0 1.1 1.9 1.1 
  n-hexadecanoic acid 43.9 35.8 54.9 40.9 
  n-heptadecanoic acid 4.2 2.5 4.1 4.3 
  9,12-octadecadienoic acid 49.8 28.6 54.1 40.1 
  9-octadecenoic acid 27.0 15.5 50.0 25.7 
  n-octadecanoic acid 19.9 10.8 16.5 15.9 
  n-nonadecanoic acid 1.7 0.8 1.4 1.1 
  n-eicosanoic acid 6.8 3.7 8.9 6.2 
  n-heneicosanoic acid 6.3 1.6 5.4 5.1 
  n-docosanoic acid 16.5 4.2 13.6 8.9 
  n-tricosanoic acid 4.2 3.8 5.8 9.6 
  n-tetracosanoic acid 38.0 11.6 35.7 22.1 
  n-pentacosanoic acid 13.0 3.6 8.1 9.6 
  n-hexacosanoic acid 40.0 11.0 23.8 13.2 
  n-heptacosanoic acid 3.6 1.3 3.7 0.9 
  n-octacosanoic acid 12.8 3.9 22.3 3.3 
Steroid hydrocarbons 35.7 16.4 19.3 27.8 
Squalene 23.3 4.8 13.6 12.8 
Sterols 901.5 411.8 731.1 895.4 
  campesterol 10.7 4.3 6.5 8.9 
  stigmasterol 15.3 2.5 3.8 2.4 
  sitosterol 640.9 300.9 520.1 684.6 
  stigmastanol 199.7 87.4 169.9 161.6 
  fucosterol 23.5 14.3 14.6 30.9 
  cycloartenol 4.1 1.2 13.6 3.8 
  24-methylenecycloartanol 3.4 0.3 1.4 1.9 
  7-oxositosterol 3.9 0.9 1.2 1.3 
Steroid ketones 44.7 19.8 60.7 26.5 
Tocopherols 2.1 1.2 6.9 3.7 
Monoglycerides 157.4 130.5 201.9 123.0 
Diglycerides 23.4 10.4 14.2 15.7 
n-Alkylferulates 17.0 9.3 51.6 11.8 
Sterol glycosides 130.0 96.5 128.9 177.7 
Tocopherol esters 3.3 4.3 9.2 9.0 
Sterol esters 384.6 432.6 375.9 346.4 
  sitosteryl esters 238.2 274.7 263.8 274.6 
  stigmastanol esters 40.1 46.3 48.9 33.2 
  other sterol esters 106.3 111.6 63.2 38.6 
Triglycerides 11.1 4.8 10.3 9.5 
 
 
Free sterols were among the major compound class in the extracts of all eucalypt woods (ranging 
from 412 to 902 mg/kg wood), sitosterol (I) and stigmastanol (II) being the main sterols present in all 
eucalypt woods, with lower amounts of campesterol (III), stigmasterol (IV), fucosterol (V), cycloartenol (VI), 
24-methylenecycloartanol (VII) and 7-oxositosterol (VIII). The wood from U1xU2 presents the lowest content 
of free sterols, which are among the main compounds responsible for pitch deposition during kraft cooking of 
eucalypt wood [10,11], while the rest of the eucalypt hybrids selected for this study present higher amounts 
of free sterols, and therefore will be more prone to have pitch deposition problems. Significant amounts 
(from 97 to 178 mg/kg wood) of sterol glycosides, principally sitosteryl 3β-D-glucopyranoside (IX), were 
found in the extracts of all the eucalypt woods. Sterol glycosides were first reported in E. globulus wood 
together with the corresponding acylated steryl glycosides, principally sitosteryl (6´-O-palmitoyl)-3β-D-
_________________________________________________________________________________ 
7th International Colloquium on Eucalyptus Pulp, May 26-29, 2015. Vitória, Espirito Santo, Brazil. 
 
glucopyranoside [14]. Sitosteryl 3β-D-glucopyranoside was especially abundant in the wood of the DGxU2 
hybrid while the U1xU2 wood presents the lowest content. Sterol esters were also present in high amounts 
among the lipophilic extractives of the different eucalypt hybrid woods, accounting from 346 to 433 mg/kg 
wood, the major abundances observed for U1xU2 wood and the lowest for DGxU2 wood. The sterol esters 
corresponded mainly to the sitosterol ester series, being sitosteryl linoleate (X) the major sterol ester present 
in all the eucalypt wood extracts. Other steroid compounds, such as steroid ketones and steroid 
hydrocarbons, were also important components in the lipophilic extractives from the different eucalypt woods. 
Steroid ketones accounted for 20 to 61 mg/kg wood, being mainly constituted by stigmastan-3-one (XI), 
stigmasta-3,5-dien-7-one (XII), stigmast-4-en-3-one (XIII) and stigmasta-3,6-dione (XIV). Different steroid 
hydrocarbons were also identified, although in low amounts (16-36 mg/kg wood). 
Free fatty acids were also important constituents of the different eucalypt wood extractives. The series 
of free fatty acids accounted for 140 to 290 mg/kg wood, and ranged from C15 to C28 with a strong even-
over-odd carbon atom number predominance and the dominant component being the saturated palmitic 
(XV) and stearic acids together with the unsaturated oleic (XVI) and linoleic (XVII) acids. Fatty acids were 
also found as glycerides, including mono-, di- and triglycerides. Monoglycerides (XVIII) were present in all 
eucalypt hybrids in relatively high amounts (from 123 to 202 mg/kg wood), in the range C14 to C30, and with a 
predominance of the even carbon atom number homologs. The series of diglycerides (10-23 mg/kg) and 
triglycerides (XIX; 5-11 mg/kg wood) were present in lower amounts. A series of n-alkyl ferulates (XX) was 
also found among the lipophilic extracts in relatively low amounts (9-52 mg/kg wood). The series of n-alkyl 
trans-ferulates occurred in the range from C22 to C28, with a predominance of the even carbon atom number 
homologs. Finally, minor amounts of other compounds such as the isoprenoid hydrocarbon squalene (XXI; 
5-23 mg/Kg wood), tocopherols (1-7 mg/kg wood) and tocopherol esters (3-9 mg/kg wood), were also found 
in all eucalypt extracts. Free and esterified tocopherols included both α-tocopherol (XXII) and β-tocopherol 
(XXIII), with predominance of α-tocopherol. 
 
Behavior of lipids during pulping and bleaching 
Eucalypt wood is generally pulped by an alkaline process, usually kraft pulping. Therefore, we discuss 
the behavior and fate of the different lipophilic components during the kraft cooking. The lipids present in 
eucalypt wood can be classified, in general terms, into two principal groups, namely fatty acids (including 
also ω-hydroxyfatty acids) and neutral components, including free and conjugated sterol, steroid 
hydrocarbons and ketones. The different lipids classes have different behavior during cooking and bleaching 
[15]. During kraft cooking glycerol esters are completely hydrolyzed and the fatty acids dissolved as sodium 
salts in the cooking liquor. By contrast, sterol esters and especially cycloartenol and 24-
methylenecycloartanol esters, which have two methyl groups in the C4, are not extensively hydrolyzed and 
survive the alkaline cooking to a high extent, being present in the unbleached pulp [12]. The remaining sterol 
esters together with free sterols, steryl glycosides and steroid hydrocarbons and ketones do not form soluble 
soaps under the alkaline pulping conditions and therefore survive cooking. These compounds have a very 
low solubility in water and are difficult to remove, and therefore can be at the origin of pitch deposition. The 
high amounts of these neutral compounds in most of the eucalypt woods, and particularly the high 
abundances of free and conjugated sterols, which have a high propensity to form pitch deposits 
[10,11,14,16] would point to a high pitch deposition tendency of the lipophilics from the eucalypt woods. 
Among them, the wood from U1xU2 has the lowest content of these detrimental compounds and therefore 
will have less pitch problems, while the woods of IP and DGxU2 have the highest content of them, and 
therefore it is foreseen that they will have more pitch problems than the wood from the hybrid U1xU2. 
The fatty acid soaps are effective solubilizing agents facilitating the removal from pulp of sparingly 
soluble neutral substances such as sterols. When the content of fatty acids is low compared to that of 
unsaponifiable substances, as in eucalypt wood, the fatty acid soaps formed during the cooking do not 
possess sufficient micellar-forming properties to carry the less polar compounds into solution. So, an 
unbleached pulp with high proportion of wood lipids is produced. The high concentration of unsaponifiable 
compounds with respect to the saponifiable extractives is the main cause for pitch problems in the kraft 
pulping of some hardwoods used by the pulp and paper industry, such as aspen or eucalypt. 
Although a large part of the lipids originally present in wood is removed in the kraft cooking, however, 
the extractives remaining in the brownstock pulp will be carried over to the bleach plant where they will react 
with the bleaching chemicals to various degrees depending on their chemical structure and on the bleaching 
agent used. The new trends to use environmentally-sound bleaching processes such as “totally chlorine 
free” (TCF) in place of “elemental chlorine free” (ECF) sequences, are increasing the severity of pitch 
problems during kraft pulping of some types of wood. The composition of the lipophilic extractives in pulp 
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after kraft cooking and TCF bleaching with hydrogen peroxide was similar to that of eucalypt wood 
extractives, sitosterol and sitosterol esters being the predominant compounds. In contrast, the presence of 
these compounds was almost negligible in pulp after ECF bleaching with chlorine dioxide and only the 
saturated sterol stigmastanol, in both free and esterified forms, survived the bleaching [12,17]. In general 
terms, the oxygen prebleaching and the hydrogen peroxide bleaching stages have minor influence on the 
composition of pulp extracts. In contrast, the composition of the lipophilic extracts from the chlorine dioxide 
bleached pulp was quite different from that after hydrogen peroxide bleaching. The amount of sitosterol in 
pulp decreased more than 99% after bleaching with chlorine dioxide to full brightness, whereas the amount 
of stigmastanol only decreased about 30%. The lower decrease of sitosterol in the hydrogen peroxide 
bleached pulp indicates that this bleaching agent has lower capacity than chlorine dioxide to oxidize 
unsaturated sterols [12,17]. Likewise, the series of sterol esters identified in the ECF pulp corresponded to 
stigmastanol esters, and only traces of sitosterol esters were identified [12]. 
 
Composition of pitch deposits produced during manufacturing of eucalypt kraft pulps 
Lipophilic colloidal particles surviving the action of bleaching chemicals can coalesce and form the so-
called pitch deposits in pulp or equipment resulting. Pitch deposits collected from different parts of the pulp-
mill in both ECF and TCF bleaching processes comprise an acetone-soluble fraction (30-45%) and an 
acetone-insoluble fraction (55-70%). Free and conjugated (esters and glycosides) sterols are the main 
compounds present in the acetone-soluble fraction of pitch deposits during manufacturing of eucalypt kraft 
pulp [10,11,14,16], and their composition varies according to the bleaching chemicals used. While oxygen 
and peroxide have little effect on the sterol composition, and therefore free and conjugated sitosterol is the 
main compound present in pitch deposits produced after oxygen and peroxide bleaching, chlorine dioxide 
bleaching led to an almost complete removal of unsatutared sterols and only the saturated stigmastanol 
survive ECF bleaching, being the main sterol present in pitch deposits produced after ECF bleaching. The 
acetone-insoluble part is mainly composed of fatty acid salts (with Fe, Mg, Ca), with minor amounts of ellagic 
acid salts, mostly deposited as Mg complex, as well as varying amounts of lignin-derived phenolic moieties. 
As in the case of the sterols present in the extracts, the chlorine dioxide bleaching also led to the complete 
removal of unsaturated fatty acids and therefore, only saturated fatty acids are present in the pitch deposits 
after ECF bleaching. Deposition of these fatty acid salts can be induced by several factors including the pH, 
the ionic strength and the concentration of multivalent ions in the pulping and bleaching process. When the 
pH is sufficiently high, as during alkaline cooking, the fatty acids dissociate and can dissolve in water, 
forming sodium soaps. Sodium soaps of fatty acids are soluble in alkali, if the ionic strength is not too high 
and the concentration of multivalent metal ions is not high enough to precipitate insoluble soaps. In the 
subsequent steps after the cooking, when the pH comes down, di- and trivalent metal ions present in the 
water will react with the carboxylate groups of the fatty acids in competition with sodium ions to produce 
insoluble, sticky, hard water soaps that have a tendency to deposit. 
 
Composition and structure of the lignins from the different eucalypt hybrids 
The lignin content of the different eucalypt hybrids selected for this study, estimated as Klason lignin, 
is similar in all cases (ca. 24-25%) and slightly higher in comparison with other eucalypt woods [4-6]. 
However, the delignification reactions and, therefore, the pulping efficiency are not only affected by the lignin 
content but are also greatly influenced by the lignin composition and structure. Therefore, we have 
thoroughly studied the lignin composition and structure of the Brazilian woods from the selected eucalypt 
hybrids. For this, the “mille-wood lignins” (MWL), which is considered to be representative of the whole 
native lignin in the plant, was isolated by aqueous dioxane extraction from finely ball-milled woods. The 
structure of the isolated lignins was analyzed by 2D-NMR that provides information of the structure of the 
whole macromolecule and is a powerful tool for lignin structural characterization. The side-chain and 
aromatic regions of the HSQC spectrum of a representative eucalypt MWL (from DGxU2) are shown in 
Figure 3, together with the main lignin substructures present. The side-chain region of the spectra gave 
useful information about the different inter-unit linkages present in the eucalypts lignins. All the spectra 
showed prominent signals corresponding to β-O-4' alkyl aryl ether linkages (substructure A). In addition to β-
O-4' substructures, other linkages were also observed. Thus, strong signals for resinol (β-β'/α-O-γ'/γ-O-α') 
(B) and phenylcoumaran (β-5'/α-O-4) substructures (C) and small signals corresponding to spirodienone (β-
1'/α-O-α') substructures (D) were observed in all spectra. Other small signals in the side-chain region of the 
HSQC spectra corresponded to β-O-4' substructures bearing a Cα carbonyl group (E), β-1' open 
substructures (F) and p-hydroxycinnamyl (I) end-groups. The main cross-signals observed in the aromatic 
region of the HSQC spectra corresponded to the benzenic rings of lignin units. Signals from syringyl (S) and 
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guaiacyl (G) units could be observed in all the spectra. However, signals of H units were not detected in any 
of the HSQC spectra. 
The percentage of lignin side-chains involved in the main substructures and terminal structures found 
in the different eucalypt lignins (referred to total side-chains) are indicated in Table 3. In all cases, the main 
lignin substructure present was the β-O-4' alkyl-aryl ether (A) that amounted to 75-79% of all side-chains 
(including the oxidized β-O-4' ones, E). The second most abundant linkage in the eucalypt lignin 
corresponded to the resinol substructure (B) that involved around 9-11% of all side-chains. The other 
linkages, such as phenylcoumaran (C), spirodienone (D) or β-1' open substructures (F), were present in 
lower proportions (1-5% of all side-chains). A NMR estimation of the molar S/G ratios in the lignins from the 
different Brazilian eucalypt hybrids is included in Table 3, and ranges from 2.2 to 2.8. The highest S/G value 
corresponded to the lignin from the hybrid G1xUGL, and is related to the highest proportion of β-O-4' 
linkages present in this particular lignin. Ether linkages are cleaved during alkaline cooking, while condensed 
linkages (such as β-β', β-5' and β-1') resist cooking conditions. Therefore, it is foreseen that the wood from 
the hybrid G1xUGL will be more easily delignifiable than the other selected Brazilian eucalypt hybrids. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. HSQC NMR spectrum (δC/δH 50-160/2.5-8.0) of a representative MWL (DG×U2). Main structures 
present in the lignin from the eucalypt hybrid woods: (A) β-O-4' linkages; (B) resinols; (C) 
phenylcoumaranes; (D) spirodienones; (E) Cα-oxidized β-O-4' linkages; (F) β-1' structures; (I) p-
hydroxycinnamyl alcohol end-groups; (G) guaiacyl units; (S) syringyl units; (S', S'') Cα oxidized syringyl units. 
_________________________________________________________________________________ 
7th International Colloquium on Eucalyptus Pulp, May 26-29, 2015. Vitória, Espirito Santo, Brazil. 
 
 
 
Table 3. Percentage of lignin side-chains forming different inter-unit linkages (A-E) and terminal structures 
(F) from integration of 13C-1H correlation signals in the HSQC spectra of MWL from wood of the different 
eucalypt hybrids analyzed (referred to total side-chains). 
 
 IP U1×U2 G1×UGL DG×U2 
     
β-O-4' alkyl aryl ethers (A) 75 74 77 74 
Resinols (B) 11 11 9 11 
Phenylcoumarans (C) 5 5 5 5 
Spirodienones (D) 4 4 3 4 
β-O-4' (Cα=O) (E) 1 1 2 1 
β-1' substructures (F) 1 2 1 2 
p-Hydroxycinnamyl alcohol end-groups (I) 3 3 3 3 
     
S/G ratios 2.2 2.2 2.8 2.2 
 
 
 
 
Behavior of lignin during pulping and bleaching 
Kraft pulping is the most common wood pulping method, and the modifications in lignin have been 
investigated in detail [18], including kraft pulping of eucalypt wood [19]. Kraft pulping resulted in an increase 
of the S/G ratio of the dissolved kraft lignin up to a ratio of ca. 5, compared with the ratio of ca. 2-3 found in 
native eucalypt lignin, together with a decrease of the S/G ratio in kraft pulp residual lignin due to the fact 
that that S-type lignin (which is less condensed than G-lignin because of absence of 5-5’ linkages) is more 
easily solubilized during alkaline cooking. Lignin inter-unit linkages are also affected by kraft pulping. In the 
pulp residual lignin, a certain decrease in the content of lignin side-chains is observed but their relative 
abundances are not significantly modified with respect to that in the native eucalypt lignin. In kraft lignin, the 
decrease of side-chain linkages was very significant and the relative abundance of the surviving inter-unit 
bonds are dramatically modified, resulting in high percentage of resinol linkages (77% side-chains) with low 
amounts of β-O-4' linkages. The extensive breakdown of β-O-4' linkages, together with eventual 
demethoxylation or hydroxylation, during kraft pulping resulted in very high phenolic content of kraft lignin 
[19] compared with native eucalypt lignin, where etherified units predominate. The relative percentage of 
aliphatic hydroxyls strongly decreased in the kraft lignin, compared with the eucalypt native lignin, in 
agreement with side-chain removal. This indicates that pulping caused partial degradation of lignin-unit side-
chains resulting in depolymerization, and solubilization of strongly phenolic kraft lignin with a strong 
predominance of resinol-type structures, whereas the residual lignin in pulp remains less severely altered 
[20]. 
Fully bleached pulps are usually obtained by the ECF and TCF processes, both including an oxygen 
delignification stage. There is abundant literature on the effect of oxygen on the lignin in pulps from different 
woods, including eucalypt wood [21]. Lignin composition and the relative abundances of the inter-unit 
linkages were barely modified by the oxygen stage. In this sense, it has been reported that oxygen mainly 
acts on superficial pulp lignin, total lignin maintained most of its structural features [20], although oxygen 
delignification resulted in an increase of oxidized S-units. It is generally accepted that the action of oxygen 
on lignin focuses on phenolic units, resulting in ring opening and muconic acid formation. Hydrogen peroxide 
is a common bleaching agent in industrial TCF processes, often in combination with oxygen delignification. 
The chemistry of peroxide bleaching has been described, including its effect on pulp lignin [22]. Peroxide 
bleaching only caused a small modification of the composition and structure of the residual lignin. Removal 
of aromatic ring-conjugated ketones by alkaline peroxide contributes to pulp bleaching, since they act as 
chromophoric groups. In contrast, terminal structures with conjugated and non-conjugated carboxyls are still 
present. In ECF bleaching, with the use of a chlorine dioxide stage after oxygen delignification, the residual 
lignin is almost completely removed from the pulp (with a kappa number ca. 1), although some lignin 
markers, predominantly from recalcitrant G-lignin units, can still be observed [23].  
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Conclusions 
The chemical characteristics of the woods from several eucalypt hybrids grown in Brazil were studied. 
The lipid and lignin content of these woods were similar, but a thorough analytical study indicated some 
differences in their composition. The analysis of the lipophilic extractives indicated the presence of 
comparatively high amounts of neutral compounds in these woods, and particularly, the high abundances of 
free and conjugated sterols, which have a high propensity to form pitch deposits, would point to a high pitch 
deposition tendency of the lipophilics from these woods. Among them, the wood from U1xU2 had the lowest 
content of these detrimental compounds and therefore is less prone to pitch problems, while the woods IP 
and DGxU2 have the highest content of them, with greater pitch potential than the hybrid U1xU2. The lignin 
content of the different eucalypt hybrids is similar (ca. 24-25%). However, some differences were found in 
the lignin composition, with the lignin from the hybrids IP, U1xU2 and DGxU2 having similar and lower S/G 
ratios and higher abundance of condensed linkages, and the lignin from the hybrid G1xUGL presenting the 
highest S/G ratio and the highest proportion of uncondensed β-O-4' linkages. This composition makes the 
wood from the hybrid G1xUGL more easily delignifiable under kraft cooking than the other eucalypt hybrids. 
 
 
References 
 1. Gutiérrez, A., del Río, J.C., González-Vila, F.J. and Martín, F., Holzforschung 53: 481-486 (1999). 
 2. Evtuguin, D.V., Neto, C.P., Silva, A.M.S., Domingues, P.M., Amado, F.M.L., Robert, D. and Faix, O., 
J. Agric. Food Chem. 49: 4252-4261 (2001). 
 3. del Río, J.C., Gutiérrez, A., Hernando, M., Landín, P., Romero, J., Martínez, A.T., J. Anal. Appl. 
Pyrolysis 74: 110-115 (2005). 
 4. Rencoret, J., Gutiérrez, A. and del Río, J.C., Holzforschung 61: 165-174 (2007). 
 5. Rencoret, J., Marques, G., Gutiérrez, A., Ibarra, D., Li, J., Gellerstedt, G., Santos, J.I., Jiménez-
Barbero, J., Martínez, A.T. and del Río, J.C., Holzforschung 62: 514-526 (2008). 
 6. Rencoret, J., Gutiérrez, A., Nieto, L., Jiménez-Barbero, J., Faulds, C.B., Kim, H., Ralph, J., Martínez, 
A.T. and del Río, J.C., Plant Physiology 155: 667-682 (2011). 
 7. Prinsen P., Gutiérrez A., Rencoret J., Nieto L., Jiménez-Barbero J., Burnet A., Petit-Conil M., 
Colodette J.L., Martínez A.T. and del Río J.C., Industrial Crops and Products 36: 572-583 (2012). 
 8. Silverio, F.O., Barbosa, L.C.A., Maltha, C.R.A., Silvestre, A.J.D., Pilo-Veloso, D. and Gomide, J.L. 
BioResources 2: 157-168 (2007). 
 9. Grattaplagia, D., 2004. Genet. Mol. Res. 3: 369-379. 
10. del Río, J.C., Gutiérrez, A., González-Vila, F.J., Martín, F. and Romero, J., J. Chromatogr. A 823: 
457–465 (1998). 
11. del Río, J.C., Romero, J. and Gutiérrez, A., J. Chromatogr. A 874: 235–245 (2000). 
12. Gutiérrez, A., Romero, J. and del Río, J.C., Holzforschung 55: 260-264 (2001). 
13. Gutiérrez, A., Romero, J. and del Río, J.C., Chemosphere 44: 1237-1242 (2001). 
14. Gutiérrez, A. and del Río, J.C., Rapid Commun. Mass Spectrom. 15: 2515–2520 (2001). 
15. Marques, G., del Río, J. C. and Gutiérrez, A., Biores. Technol. 101: 260-267 (2010). 
16. Silvestre, A.J.D., Pereira, C.C.L., Pascoal Neto, C., Evtuguin, D.V., Duarte, A.C., Cavaleiro, J.A.S. 
and Furtado, F.P., Appita J. 52: 375-382 (1999). 
17. Freire, C.S.R., Silvestre, A.J.D. and Neto, C.P., J. Wood Chem. Technol. 25: 67-80 (2005). 
18. Gellerstedt, G. and Lindfors, E.L., Holzforschung 39: 151-158 (1984). 
19. Pinto, P.C., Evtuguin, D.V., Neto, C.P., Silvestre, A.J.D. and Amado, F.M.L., J. Wood Chem. Technol. 
22: 109-125 (2002). 
20. Gellerstedt, G., Heuts, L. and Robert, D.J., Pulp Pap. Sci. 25: 111-117 (1999). 
21. Duarte, A.P., Robert, D. and Lachenal, D., Holzforschung 55: 645-651 (2001). 
22. Argyropoulos, D. S. Oxidative Delignification Chemistry: Fundamentals and Catalysis; American 
Chemical Society: Washington, DC (2001). 
23. del Río, J.C., Gutiérrez, A., Romero, J., Martínez, M.J., Martínez, A.T., J. Anal. Appl. Pyrolysis 58/59: 
425-433 (2001). 
 
 
Acknowledgements 
This study has been funded by the EU-project LIGNODECO (KBBE-244362), the Spanish project 
AGL2011-25379 (co-financed by FEDER funds), and the CSIC project 2014-40E-097. J.L. Colodette also 
thanks the National Council for Scientific and Technological Development (CNPq) for a research fellowship. 
